Predicting treatment outcomes in psychiatric populations remains a challenge, but is increasingly important in the pursuit of personalized medicine. Patients with schizophrenia have deficits in cognition, and targeted cognitive training (TCT) of auditory processing and working memory has been shown to improve some of these impairments; but little is known about the baseline patient characteristics predictive of cognitive improvement.
A B S T R A C T
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Here we use a model selection and regression approach called least absolute shrinkage and selection operator (LASSO) to examine predictors of cognitive improvement in response to TCT for patients with recent onset schizophrenia. Forty-three individuals with recent onset schizophrenia randomized to undergo TCT were assessed at baseline on measures of cognition, symptoms, functioning, illness duration, and demographic variables. We carried out 10-fold cross-validation of LASSO for model selection and regression. We followed up on these results using linear models for statistical inference. No individual variable was found to correlate with improvement in global cognition using a Pearson correlation approach, and a linear model including all variables was also found not to be significant. However, the LASSO model identified baseline global cognition, education, and gender in a model predictive of improvement on global cognition following TCT. These findings offer guidelines for personalized approaches to cognitive training for patients with schizophrenia.
Introduction
Targeted cognitive training (TCT) of auditory processing and verbal working memory for schizophrenia has shown efficacy for improving cognition (Fisher et al., 2014; Fisher et al., 2009 ), but little is understood about which patient factors predict positive outcomes. Previous meta-analytic work suggests that symptoms may be predictive of response to cognitive remediation more broadly (Wykes et al., 2011), though other findings suggest that baseline cognition and other treatment factors may also predict response (Kurtz et al., 2009; Fiszdon et al., 2005; Joanna M Fiszdon et al., 2006a , 2006b Vita et al., 2013; Lindenmayer et al., 2017) . In TCT, baseline reward anticipation was associated with improvements in verbal memory as well as global cognition (Fisher et al., 2014) , and improvement in auditory processing speed is also a predictor of subsequent cognitive improvements (Biagianti et al., 2016) . However, the pre-treatment cognitive and demographic profile of individuals who may benefit from this intervention remains an open question. Efforts to predict treatment outcomes in psychiatric populations including schizophrenia remains a critical goal, especially as psychiatry as a field continues to pursue personalized interventions (McGorry, 2013) . However, developing predictive models for psychiatric treatment and outcome poses numerous challenges, and novel analytic tools will likely be required to solve these problems.
Previous work to identify variables predictive of cognitive training outcomes in schizophrenia has been limited by problems with multiple comparisons. Despite numerous clinical trials collecting a wealth of data on measures including cognition, functioning, symptomology, and demographics, there is often insufficient power to test each variable, and few a priori predictions to guide principled analyses. Moreover, building predictive models using linear regression with this type of data raises concerns of "over-fitting," where inflated R 2 values may adequately characterize variance in a single dataset, but hamper its predictive ability in the general population. These challenges have therefore given way to more advanced and iterative statistical procedures, that allow for the inclusion of large numbers of predictor variables, without being penalized for their inclusion.
